Aleurodiscal, an antifungal antibiotic has been isolated from mycelial cultures of Aleurodiscus mirabilis (Berk. &Curt.) Hohn. It causes abnormal apical branchings of Mucor miehei hyphae at very low concentrations. The structure and absolute configuration of the antibiotic has been determined by a single crystal X-ray analysis and hydrolysis to d-(+)-xylose. Aleurodiscal is a hydroxysesterterpene aldehyde /3-D-xyloside with a novel carbon skeleton.
Aleurodiscus mirabilis (Berk. & Curt.) Hohn., Strain 8435 JUNE 1989 Mycelial cultures were obtained from spore prints of fruiting bodies collected from the bark of Cinnamomum camphora (L.) Sieb. in Japan. The specimen show the characteristics of the genus3) and species4). They form small orange patches of about 1 cm diameter, show acanthohyphidia and large warty amyloid ellipsoid spores (31 x l5 fim) which readily germinate on YMGmedium. The strain is deposited in the collection of the Lehrbereich Biotechnologie, University of Kaiserslautern.
Fermentation
For maintenance and submerged cultivation A. mirabilis 8435 was grown in YMGmedium (yeast extract 0.4%, glucose 0.4%, malt extract 1 %, pH 5.5). Fermentation was carried out in a 150-liter tank (Deutsche Metrohm, Stuttgart) containing 100 liters of YMGmedium with stirring (100 rpm) and aeration (10 liters air/minute) at 22°C. Antibiotic production was followed by paper disc-agar diffusion assay using Mucor miehei as test organism and by TLC. Isolation After removal of the mycelia by filtration, the culture broth (90 liters) was extracted with ethyl acetate (40 liters). Evaporation of the organic phase yielded a crude extract (5.1 g) which was applied to a column of silica gel (Merck 60, 20x5 cm). Elution with CH2C12 -MeOH(9 : 1) yielded aleurodiscal which was combinedwith a second batch resulting from extraction of the freeze dried mycelia (370 g) with ethyl acetate (6 liters) followed by concentration. Pure aleurodiscal (1.2 g) was obtained in form of colorless crystals by repeated crystallization from CH2C12-MeOH(9 : 1). 
Hydrolysis of 1
A suspension of aleurodiscal (1) (5 mg) in methanol (5 ml) and two drops of 16 n HC1 was refluxed for 3 hours. After evaporation of the solvent, the D-(4-)-xylose was separated by isocratic reversedphase HPLC. [a]2D°+19°(H2O)).
Crystal Structure Determination
Aleurodiscal, C30H46O6, crystallizes orthorhombic, space group FIJL^with a=12.996(2), b= 34.701(6), c=6.233(2) A, F=2811(2) A3, Z=4, />cal0=1.19 gem""3. Intensity data were collected on an Enraf-Nonius CAD4diffractometer at varied scan rates in the <y-mode with graphite-monochromated CuKa radiation (^=1.54184 A, 2#max=130°; 1640 observed reflections with F02>2a(F02) from 2,811 measured). Three monitor reflections were measured at regular intervals; crystal decay was not observed. Empirical absorption corrections were applied to the reflection intensities (^=6.1 cm"1, crystal size 0.12 x0.13 x0.42 mm). The structure was solved by direct methods (MULTAN 82) and refined by full matrix least-squares. Hydrogen atoms on oxygen atom 20 -oxygen atom 22 were located in a difference synthesis and included at these sites. The other hydrogen atom positions were calculated geometrically; joint isotropic temperature factors were assigned to analogous hydrogens.
The remaining atoms were refined anisotropically. Final reliability indices were R=0.058 and Rw= 0.055 with weights given by w=((T2(F0)+p2i702)~1, p=0.014. Atom coordinates and equivalent isotropic temperature factors for the non-hydrogen atoms are listed in Table 1 . The structure is depicted in Fig. 1 .
Further details of the crystal structure determination have been deposited at the Fachinformationszentrum Energie, Physik, Mathematik GmbH, D-7514 Eggenstein-Leopoldshafen 2. Any request for this material should be accompanied by a full literature citation and the reference number CSDto be added in proof.
Biological Assays The antimicrobial spectra, the cytotoxicity against cells of the ascitic form of Ehrlich carcinoma and the effect of aleurodiscal on the radial growth of M. miehei were measured as described previously6~8).
Test for Mutagenicity Mutagenicity was tested as described by Ameset al.9). Mutants of Salmonella typhimurium, strain TA98 and strain TA100 were used for the spot test without rat liver microsomes.
Effect of Aleurodiscal on RNA,Protein, and Chitin Syntheses of M. miehei The 200-ml of a malt extract medium (1.5% malt extract, pH 5.5) were inoculated with 2 x lO7 spores of M. miehei and incubated for 10 hours at 37°C. Then 5 ml of this culture (1.3 mg dry weight of mycelium) were preincubated with or without aleurodiscal (freshly dissolved in DMSO)for 30 minutes at 37°C on a water-bath shaker at 100rpm. 1-ml portions of these cultures were withdrawn and incubated 90 minutes at 37°C with 0.1^Ci of [l-14C]uridine, fl-14C]leucine, or [l-14C]-iV-acetyl-Dglucosamine respectively. Then 1 ml of 10%TCAwere added to each tube and the mycelia collected on cellulose nitrate filters. After washing with 5 ml of 5% TCAand drying, the radioactivity on the filters was determined by liquid scintillation counting.
Results and Discussion
Properties and Spectroscopic Data Aleurodiscal (1), mp 249°C, is only slightly soluble in water and the common organic solvents. Its high resolution (HR)EI-MS exhibits a molecular ion at m/z 502 which corresponds to the Inoculum 106 cells/ml.
figuration, 1 was hydrolysed with methanolic HC1. The xylose formed was separated by reversedphase HPLGand its D-configuration determined by the positive optical rotation observed. This establishes the absolute configuration of aleurodiscal as given in formula 1. Aleurodiscal constitutes a new type of sesterterpenoid10). It is biogenetically closely related to retigeranic acid A (2)n~13) a pentacyclic sesterterpenoid from lichens which possesses the same relative and absolute stereochemistry. During fermentation (Fig. 2 ) the production of aleurodiscal by A. mirabilis 8435 starts 9 days after inoculation.
At this time the free glucose in the medium has been used up almost completely. The highest antibiotic content is reached after 13 days. Whengrown under comparable conditions the European species Aleurodiscus disciformis (DC. ex Fr.) Pat. did not produce detectable amounts of antibiotics. The antimicrobial spectra of aleurodiscal are shown in Tables 2 and 3 . In the serial dilution assay M.
miehei is inhibited at very low concentrations, whereas yeasts and with the exception of Bacillus subtilis bacteria are not affected up to concentrations of 100 fig/ml. In the plate diffusion assay (Table 3 ) most of the fungi tested are strongly (A) Control, (B) 1 ,wg/ml aleurodiscal.
inhibited by concentrations of 2~10/^g/disc. The effect of aleurodiscal on the radial growth of M. miehei is shown in Fig. 3 . In YMGmedium growth of this zygomycete is inhibited 50% at 1^g/ml while almost no growth is observed at lO^g/ml. At both concentrations the apical hyphae of M. miehei are abnormally branched as comparedto the controls without antibiotic (Fig. 4) . Similar effects have been reported for the scopamycines which are produced by Strepto- and RNAsyntheses were affected to a lesser extent. However, the effects on macromolecular syntheses were low at the concentrations needed for the induction of morphological alterations (1l In the test for mutagenicity according to Ames et al^no induction of revertants of S. typhimurium TA 98 and TA 100 could be observed with 100 jag of aleurodiscal/disc (spot test without addition of rat liver microsomes).
